Appl. No. 10/678,109 

Amdt. Dated: July 20, 2005 

Reply to Office action of January 21 , 2005 

REMARKS/ARGUMENT 

This letter is responsive to the Office Action mailed on January 21, 2005. The claims 
have been amended in response to the outstanding Office Action. No new matter has 
been added by the amendments. 

The Applicant has cancelled claim 2. Accordingly, claims 1 and 3 to 12, as amended, 
are currently pending in the application. 

Claims 1 to 4 rejected under 35 U.S.C. S1 03(a) in view of Bentivenqa 

The Examiner has rejected claims 1 to 4 under 35 U.S.C. §1 03(a) as being obvious in 
view of Bentivenga (U.S. Patent No. 5,262.742). As noted above, claim 2 has been 
cancelled. 

The Examiner states that the Bentivenga reference discloses a resonator assembly 
(FIG. 9) that includes a resonator cavity, an elongated resonator 64 with a substantially 
large length to diameter ratio and insulated supports 66, each with a diameter 
substantially equal to the diameter of the resonator, coupled at the ends of the 
elongated resonator. When an electrical field is applied to the resonator assembly, the 
halfway variation of the electrical field resonates at a desired frequency (Bentivenga, 
column 4, lines 30 to 46). The Examiner has stated that while Bentivenga is silent as to 
whether the resonator is made of dielectric material, it is well known in the art to form a 
resonator with dielectric or conductive material and accordingly, it would be obvious to 
one of ordinary skill in the art to form the resonator with dielectric material. 

In response, the Applicants have amended claim 1 to clarify the distinction between the 
presently claimed invention and the cited prior art reference. Independent claim 1, as 
amended, defines a resonator that uses an elongated dielectric resonator supported by 
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an insulatlve support, where the length to diameter ratio of the elongated resonator is 
selected to be in the range of about 4.5 to 6.0 so that when the electric field is applied to 
the resonator assembly, the half wave variation of the electric field resonates at the 
desired frequency. Support for these amendments can be found in the disclosure at 
page 6 line 27 to page 7 line 6 and in FIGS. 2A to 2C, 5B to 5D, and 5B to 5D. 

The Applicants submit that it would not be obvious to one of ordinary skill in the art in 
view of Bentivenga to provide a resonator that uses an elongated dielectric resonator 
where the length to diameter ratio of the elongated resonator is selected to be in the 
range of about 4.5 to 6.0 so that when the electric field is applied to the resonator 
assembly, the half wave variation of the electric field resonates at the desired frequency 
for the following reasons. 

The Examiner is directed to column 4, lines 33 to 40 (and to FIG. 9) of the Bentivenga 
reference, which reads: "in this filter 60, a housing 62 similarly contains the same 
elements that are in the filter 30 in FIGS. 4 and 5, except that a series half-wave 
resonator rod 64 is used instead of a shunt half-wave resonator rod 36" (emphasis 
added). 

The Applicants note that the series half-wave resonator rod 64 is supported on both 
ends by dielectric sleeves 66 (Bentivenga, column 4, lines 39 to 40). In essence, 
Bentivenga teaches that in order for the half-wave resonator rod 64 to function as a 
series half-wave resonator rod, the resonator rod must be electrically insulated from the 
cavity. In contrast, the shunt resonator rod 36 in FIG. 4 is directly coupled to the cavity 
to provide electrical contact between the resonator and the housing as is required for a 
shunt half-wave resonator. These co-existing structural requirements provide strong 
evidence that that the resonator rod 64 is conductive and that the resonator rod 64 Is 
metal. 
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It is respectfully submitted that it is commonly accepted within the microwave field that 
for a particular resonator assembly, it is a complex and difficult endeavour to replace a 
metal resonator rod with a dielectric resonator rod equivalent. Metal and dielectric 
resonators possess substantially different electrical properties and as a result are not 
interchangeable dimension for dimension. As discussed in the background of the 
invention of the present application, metal dielectric resonators such as the metal 
combline resonator, when operational, produce an electrical field that exists outside the 
metal resonator body (Present disclosure, page 2, line 27-29). 

In contrast, an operating dielectric resonator produces a certain amount of electrical 
field within the resonator. This difference produces a difference in the surface currents 
on the resonator rods as well as in terms of operational frequencies. Since some of the 
electrical field is contained within the dielectric resonator and not lost (I.e. as I^R losses 
that would occur on the cavity walls) these electrical conditions result in a higher Q and 
improved filter performance. It is basic electrical differences such as these that prohibit 
replacement of a metal resonator rod with a dielectric rod having the same dimensions 
within a filter assembly. 

As further evidence of this, the Applicants wish to provide the Examiner with the 
attached paper entitled "Dielectric Combline Resonator and Filters" authored by Chi 
Wang, et al in IEEE Transactions on Microwave Theory and Techniques Vol. 46, No. 
12, December 1998. In this paper, the author indicates at page 2051, second column 
that "a novel type of coaxial resonator is introduced by replacing the inner conductor of 
the conventional combline resonator by a high dielectric rod... A rigourous mode- 
matching method is used for modeling of the dielectric combline resonator... in order to 
compute the resonant frequency, unloaded Q, and coupling coefficient". 

This and other passages in the Wang paper clearly indicate that detailed and in-depth 
modeling and a strong design effort is necessary in order to arrive at an equivalent 
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dielectric resonator rod. Accordingly, it is submitted that it would not be possible to 
simply replace the metal half-wave resonator rod 64 in the filter of Bentivenga with a 
dielectric resonator rod of the same dimensions. Rather, if that were done, the filter of 
Bentivenga would fail to operate. 

Also generally speaking, replacing a metal resonator with a dielectric resonator having 
the same dimensions would result in an Increase in the resonant frequency. 
Accordingly, in order to maintain the resonant frequency at the same value, it is 
necessary to replace a metal resonator rod with a dielectric resonator rod that has a 
longer length assuming a constant diameter. To quantitatively evidence this 
phenomena, the Applicants have conducted a simulation where it was determined that a 
metal resonator having length of 0.94 inches and a 0.11 inch diameter was determined 
to resonate at the same frequency as a dielectric resonator (with a dielectric constant of 
45) having length of 1.34 inches and a 0.11 inch diameter. It is submitted that this 
simulation can be reproduced by anyone skilled in using commercially available 
simulation tools (e.g. HFSS™ manufactured by Ansoft Corporation of Pittsburgh, 
Pennsylvania, U.S.A.). 

The Applicants note that Bentivenga does not explicitly disclose any specific dimensions 
for the half-wave resonator rod 64. However, the length to diameter ratio of the half- 
wave resonator rod 64 as represented in FIG. 9 of Bentivenga is roughly 9.0. In view of 
this, even if the dielectric equivalent could be provided, the length of the half-wave 
resonator rod 64 would have to be extended and would further exceed the 4.5 to 6.0 
length to diameter ratio range as claimed in the present invention. Accordingly, it is 
submitted that Bentivenga teaches away from providing a resonator having a dielectric 
resonator where the length to diameter ratio of the elongated resonator is selected to be 
in the range of about 4.5 to 6.0 so that when the electric field is applied to the resonator 
assembly, the half wave variation of the electric field resonates at the desired 
frequency. 
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The Applicant respectfully submits that based on the teaching of Bentivenga and the 
prior art generally, it would not be obvious to provide a resonator that uses an elongated 
dielectric resonator where the length to diameter ratio of the elongated resonator is 
selected to be in the range of about 4.5 to 6.0 so that when the electric field is applied to 
the resonator assembly, the half wave variation of the electric field resonates at the 
desired frequency. 

Further, claim 4, as amended, is directed to elongated resonator supported by first and 
second insulative supports, where the first and second insulative supports have a 
diameter that is smaller than the diameter of the dielectric resonator. The Applicant has 
found that by providing an insulative support having a diameter that is smaller than the 
elongated resonator diameter significantly improves the Q factor and the overall filter 
performance as well. This has been attributed to the fact that in the case of a dielectric 
resonator, the jutting edge of the elongated resonator generates a high concentration of 
electrical field. In contrast, the Examiner is directed to FIG. 9 of Bentivenga that visually 
illustrates that the diameter of the dielectric sleeve 66 is noteably larger than the 
diameter of the resonator 64. 

The prior art "puck resonator" discussed in the present disclosure and disclosed in FIG. 
1A of the present application uses a specific mode TE015 that requires a large diameter 
to length ratio (e.g. 2 to 3) for optimal performance with respect to Q and spurious mode 
placement. As a result of this large diameter to length ratio, a smaller diameter support 
can be used without compromising the mechanical integrity of the device. However, the 
Applicants note that common resonator design practice as evidenced by Bentivenga 
teaches away from using a smaller diameter support for resonators having large length 
to diameter ratios for mechanical stability reasons. 

The Applicant respectfully submits that in respect of claim 4, and based on the teaching 
of Bentivenga and the prior art generally, it would not be obvious to provide a resonator 
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that uses an elongated dielectric resonator supported by two insulative supports, where 
each insulative support has a diameter that is smaller than the diameter of the dielectric 
and where the length to diameter ratio of the elongated resonator is selected to be in 
the range of about 4.5 to 6.0 so that when the electric field is applied to the resonator 
assembly, the half wave variation of the electric field resonates at the desired 
frequency. 

Accordingly, the Applicant respectfully submits that the claimed invention is not shown 
or suggested by the Bentivenga reference. Withdrawal of the Examiner's rejection in 
respect of claims 1, 3 and 4 is respectfully requested. 

Claims 5 and 7 to 11 rejected under 35 U.S-C, S103fa) in view of Estrada in 
combination of Bentlvenaa 

The Examiner has rejected claims 5 and 7 to 11 under 35 U.S.C. §103(a) as being 
obvious in view of Estrada (U.S. Patent No. 5,812,036) and Bentivenga (U.S. Patent 
No. 5,262,742). 

Specifically, the Examiner states that the Estrada reference discloses a resonator filter 
having a plurality of resonator assemblies coupled to each other where adjacent pairs of 
resonator cavities are separated by common walls (W1 and W3). 

The Applicant submits that for the reasons discussed above in respect of claim 1, as 
amended, that the subject matter claims in dependent claims 5 and 7 to 11, as 
amended, is not shown or suggested by the Bentivenga or the Estrada references. 
Withdrawal of the Examiner's rejection in respect of claims 5 and 7 to 1 1 is respectfully 
requested. 
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Allowable Subject Matter 

The Examiner has stated at page 4 of the Office Action that claims 6 and 12 would be 
allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

References Made of Record and Not Relied Upon 

The Applicant has briefly reviewed the other references cited by the Examiner. The 
Applicant respectfully submits that these references do not recognize the problem 
solved by the present invention and do not describe or even suggest the present 
invention. The Applicant respectfully submits that they are not relevant to the 
patentability of the claims of the present invention. 

In view of the foregoing, the Applicant respectfully submits that the application is now in 
condition for allowance. If the Examiner believes that a telephone interview would 
expedite allowance of the application, the Examiner is respectfully requested to contact 
the undersigned at (416) 364-7311. 

Respectfully submitted, 
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Abstract — The dielectric combline resonator combines the mer- 
its of the metallic combline and dielectric loaded resonator. 
By replacing the inner conductor of the conventional combline 
resonator by a high Cr dielectric rod, higher unloaded Q can be 
expected. Resonant frequency, unloaded Q, and coupling coeffi- 
cient of the resonator are obtained by a rigorous mode-matching 
method. An eight-pole elliptic-function dielectric combline res- 
onator filter was designed and tested. Measured frequency re- 
sponses verify the theory. 

Index Terms — Combline resonator, dielectric resonator filter, 
filter, wireless communications filter. 



1. Introduction 

HIGH-PERFORMANCE microwave cavity filters are 
finding increasing applications in satellite and mobile 
communication systems. Coaxial combline resonator filters 
and dielectric loaded resonator filters are commonly used in the 
systems because of small size and their unique characteristics. 
Coaxial resonators have low cost, wide tuning range, and 
excellent spurious-free performance [1], [2], [11], while 
dielectric loaded resonator filters have very low loss and 
high-temperature stability [3]-[6]. However, the drawback of 
the combline resonator filters is their relatively high loss, 
due to the low unloaded Q of the resonator, while the 
dielectric loaded resonator has higher cost and poor spurious 
performance. 

The low unloaded Q of the combline resonator is mostly 
due to the additional conducting loss dissipated on the inner 
conductor compared with the dielectric loaded resonator due 
to the quasi-TEM characteristics of the resonator. The elec- 
tromagnetic fields varies according to 1/r relation along the 
radial direction. As a result, large current is induced on the 
surface of die inner conductor, and it limits the unloaded Q 
of die coaxial resonator. The metallized quarter- wavelength 
dielectric resonators give much lower unloaded Q because of 
the strong field and the high conductive loss even with very 
low-loss dielectric material [7], [8]. 

However, the perfect conducting boundary condition (PEC) 
can be replaced by dielectric material with infinite dielectric 
constant (e^ — > oo) [12], Although infinite dielectric-constant 
material cannot be obtained, dielectrics widi high relative 
dielectric constant can achieve similar condition. Since the 
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Fig. 1 . Configurations of the dielectric combline resonators, (a) Cylindrical 
enclosure, (b) Rectangular enclosure. 



magnetic field is continuous at the boundary of the dielectrics, 
no electric current is induced on the dielectric rod, thus, higher 
unloaded Q can be expected. 

In this paper, a novel type of coaxial resonator, i.e., the 
dielectric combline resonator, is introduced by replacing the 
inner conductor of the conventional combline resonator by a 
high Cr dielectric rod. The new type of resonator has higher 
unloaded Q and die merits of the metallic combline resonator 
and dielectric loaded resonator. A rigorous mode-matching 
method is used to compute the resonant frequency, unloaded 
Q, and coupling coefficient of the resonators. The dielectric 
combline resonator can be used to fully or partially replace the 
metallic combline resonators in the filters. Properties of this 
new type of resonator are extensively investigated. An eight- 
pole elliptic-function dielectric-combline-resonator filter was 
designed, and verified the theory. 



II. Configuration and Analysis 

The typical configurations of the dielectric combline res- 
onators are shown in Fig. I. A dielectric rod with radius r and 
length L is mounted in a cylindrical or rectangular enclosure 
of length b. The inner dielectric rod can also be rectangular or 
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Other cross section in shape depending on the manufacturing 

process. 

A rigorous mode-matching method is used for modeling 
of the dielectric combline resonators, shown in Fig. 1(a) and 
(b). The difference between the two kinds of resonators is 
that the resonator of Fig. 1 (a) has a cylindrical sidewall, while 
the enclosure of the resonator in Fig. 1(b) is rectangular. By 
placing an artificial cylindrical boundary [10], [11] at p = a 
of the rectangular enclosure resonator, the structure is divided 
into the cylindrical and waveguide regions. In both structures, 
the cylindrical regions are the same, which can be further 
divided into two subregions: two-layer region I (p < r) and 
one-layer region U {r < p < R or a). 

The fields in each cylindrical region can be expanded by 
TEy and TMy modes of parallel planes bounded in the y- 
direction in a cylindrical coordinate system (p, y) [6], while 
the fields in the rectangular regions are expanded into the 
summations of the TE^ and TM^ modes in the rectangular 
waveguide in the Cartesian coordinate system (x, y, z). The 
normal fields in each region satisfy the wave equations in the 
chaige-free region in their own coordinate system as 



k =0;-^/^ 



(1) 

(2) 
(3) 



where E^ represents the normal-field component of TM mode, 
and represents the normal-field component of TM mode, 
respectively. Solving the wave equations, the normal fields can 
be obtained, and the other field components can be derived 
from the normal electric or magnetic field. 

The tangential electromagnetic fields in the waveguide 
regions at the artificial boundary p = a can be expressed as 



i = wi or W2 
q—eoxh 



(5) 



in order to be able to match the electromagnetic fields between 
the cylindrical and rectangular regions. 

Forcing the tangential E- and if-fields to be continuous 
at the interface between the cylindrical regions and taking 
the proper inner products, one can obtain the field coefficient 
equation of the cylindrical region as 



[Mi'][C"]-h[Mg]p"l = 0 



(6) 



where [C"] and are field coefficient vectors related to the 
inner going and the outgoing cylindrical waves in region 11. 

For a cylindrical enclosure structure, [iWjJ] and [M^] are 
block matrices corresponding to the inner products of the 
eigenmodes of the specified <j> variation. By applying a bound- 
ary condition at R, a characteristic equation can be obtained 
as 



TABLE I 

Unloaded Q of a Conventional Combline Resonator 
(r = 0.21 in, L = 1.1 in) and A Dielectric Combline 
Resonator (r = 0.28 in, L = 1.20 in), Due to the 
Inner Rod and Enclosure with fo = 1 87 GHz, 
R = 0.75 in, 6 = 1.26 in, a = 15.67x 
10^ U/in and tan <5 = 4.0 x 10"^ 



Region 


Combline 


OR combline 


Rod Q 


9733.2 


39064.6 


Enclosure Q 


13146.0 


13578.6 


Total Q 


5592.5 


10076.2 



Solving the equation gives the resonant frequency and field 
expansion coefficients of each region. The unloaded Q of the 
cavity can then be computed analytically by integrating the 
superposition of the eigenmode fields. The coupling coefficient 
between two cylindrical cavities is obtained by using the 
improved large-aperture coupling theory considering the iris 
width factor [13H15]. 

For rectangular enclosure structure, [M^] and [MjJ] are 
diagonal block matrices. Each block matrix corresponds to the 
inner products of the eigenmodes with a 4> variation. The fields 
outside the boundary are linear combinations of the waveguide 
eigenmodes, including both incident and reflected waves. The 
waveguide eigenmodes are expanded by Bessel-Fourier series 
so that they can be expressed in the cylindrical coordinate 
system and all the integrals involved in the mode-matching 
procedure can be evaluated analytically. 

Applying boundary conditions at the artificial boundary, tak- 
ing the proper inner products, and after some matrix operation, 
a matrix equation relating the field coefficients of the incident 
and reflected waves in the waveguide regions wi and W2 to the 
coefficients of cylindrical region II can be obtained, following 
[11], as 









(4) 







[MX'] 



][: 



(8) 



where A and B are the field coefficients of the incident and 
reflected waves in the waveguide regions w\ and 

From (6) and (8), the desired generalized scattering matrix 
of the conductor loaded resonator in a rectangular wave- 
guide can be obtained. Once the 5-matrices of the structure 
are known, the cascading procedure of 5-matrices may be 
employed to obtain the eigen equations for the resonant 
frequencies of a single cavity and of two identical slot-coupled 
cavities. The coupling coefficient can then be computed from 
the two resonant frequencies /e and /„i with PEC and perfect 
magnetic conductor (PMC) placed at the a; = 0 plane, 
respectively, as 



(9) 



ni. 



det[X]NuxNu = 0* 



(7) 



Numerical Results 

Table I shows the typical computed unloaded Q of a con- 
ventional combline resonator and a dielectric combline res- 
onator with the same enclosure dimensions and resonant 
frequency. It is seen that both the inner and outer conductor 



WANG et at.: DIELECTRIC COMBLINE RESONATORS AND FILTERS 



2503 



0.8 



0.4 



0.2 7 



T : 1 1 1 t f ^vy ^ > , > . . . - 








- 


_ 









































0.8 - 

0.4 [- 
0.2 - 



0 0.2 0.4 0.6 0.8 1 



0 0.2 0.4 0.6 o.e 1 
Ht. r/r^ 



(a) 




(b) 

Fig. 2, Field distributions of a dielectric combline resonator, (a) r - y plane, 
(b) r — ^ plane. 



of a conventional combline resonator contribute approximately 
the same loss to the resonator, which results in the relatively 
low unloaded Q of the combline resonator. The loss due to 
the dielectric rod of the dielectric combline resonator is very 
small, thus the dielectric combline resonator has nearly twice 
the unloaded Q as that of the conventional combline resonator. 

Fig. 2 shows the typical field distributions of a dielectric 
combline resonator with cylindrical enclosure in the r — j/ and 
the r — (f) planes. It is seen that, as expected, both electric 
and magnetic fields in the air-filled region are quite similar 
to that of the metallic resonator. Within the dielectric rod, 
electric field Ey and magnetic field exist. The continuous 
magnetic field at the boundary eliminates the current on the 
dielectric rod. 

The computed resonant frequency and the unloaded Q of a 
dielectric combline resonator versus the radius of the dielectric 
rod and with different length of the rod are presented in 
Figs. 3 and 4, respectively. Both resonant frequency and the 
unloaded Q decrease as the radius and length of the dielectric 
rod increases. Unlike metallic combline resonators, there is no 
optimum value of the inner and outer radius ratio, which gives 
the maximum unloaded Q, The resonators have much higher 
unloaded Q than that of the conventional combline resonators. 

The mode charts have been computed to analyze the res- 
onator. Fig. 5 presents the dependence of the resonant modes 
on the radius of the dielectric rod. It is seen that all the 
resonant modes are sensitive to the rod diameter. Dielectric 
rod with smaller radius has better mode separation. Fig. 6 
shows the mode chart of the resonator with the length of 
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Fig. 3. Resonant frequency of a dielectric combline resonator versus the 
radius of the dielectric rod. 
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Fig. 4. Unloaded Q of a dielectric combline resonator versus the radius of 
the dielectric rod. 




Fig. S. Mode chart of a dielectric combline resonator wiUi radius of the 
dielectric rod as variable. 



the dielectric rod as variable. The fundamental mode is quite 
sensitive to the length of the rod, and the resonant frequency 
of the HEii mode is relatively independent on the length. It is 
evident that resonators with longer rod have better spurious- 
free performance. The mode chart with the height of the cavity 
as a variable is presented in Fig. 7. The HEn, HE12, and TEoi 
modes are not very sensitive to the cavity height The resonator 
has good mode separation when the ratio of the height of the 
cavity to its diameter is approximately one or greater. 

All the resonators of the conventional combline filters can 
be fully or partially replaced by the new type of resonator. The 
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cavity as variable. 

similarity of both types of resonators in shape, size, and field 
distributions provide the principal advantages of the dielectric 
combline resonators. The loss of a metallic combline filter will 
be nearly cut by half if dielectric resonators are used, while 
the overall filter size is kept the same. The dielectric combline 
resonator will have better spurious-free performance than 
conventional dielectric resonators. The use of some dielectric 
combline resonators and some metallic combline resonators 
in the filter will combine the superior spurious performance 
of the conventional combline resonators and the low-loss 
high-(? advantages of the dielectric resonators. Fig. 8 shows 
the typical simulated insertion loss of an eight-pole elliptic- 
function filter using different combination of the resonators. 
The results show the promising applications of the dielectric 
combline resonator. 



IV. Filter Realization 

As application of the dielectric combline resonator, an 
eight-pole self-equalized elliptic-function filter with center 
frequency of 2.595 GHz and bandwidth of 43.0 MHz using 
0.75" X 0.75" X 1.40'' size cavities was designed. The normal- 
ized input/output resistance and the coupling matrix elements 
of the filter are Rin = i^out = 1.2224, mi2 = mjs = 0.9234, 

"^23 = = 0.6193, 77134 = 77156 = 0.5442, 77143 = 0.6957, 

77118 = 0.0292, 97127 = -0.0518, and mse = -0.1207. 
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Insertion loss of the eight-pole filter using different kind of res- 
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Fig. 9. Configuration of the eight-pole elliptic-function dielec- 
tric-combline-resonator filter. 



The configuration of the filter is shown in Fig. 9. In the 
filter, the positive couplings are achieved by irises, and the 
negative couplings are obtained by probes. The dimensions 
of the resonators and irises are determined by a computer 
program using the modeling method described above. Tuning 
screws are used for fine tuning the resonant frequencies of the 
resonators. Fig. 10 presents the measured frequency responses 
of the designed filter. Fig, 11 shows the enlarged in-band 
insertion loss of the filter. It is seen that the filter achieves 
0,75-dB insertion loss and more than 20-dB return loss. The 
realized Q of the resonator is estimated to be 4200, which is 
about 35% higher than the realized Q of 3100 of the metallic 
combline resonator of the same cross section [16], 

Fig. 12 gives the wide-band frequency response of the filter. 
It is seen the closest spurious response is about 1.6 GHz 
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Fig. 10. Measured frequency responses of the eight-pole elliptic-function 
dielectric-combline-resonator filter. 
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Fig. 11. Measured in-band insertion loss of the filter. 
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Fig. 12. Wide-band frequency responses of the filter. 



higher than center frequency. The new type of filter has 
much better spurious performance than conventional dielectric 
loaded resonator ones. By combining the dielectric combline 
resonators with the conventional metallic combline resonators 
in the filter, better spurious performance can be achieved. 



V. Conclusions 

A new type of dielectric resonator, i.e., dielectric combline 
resonator, is introduced by replacing the inner conductor rod 
of the conventional combline resonator by a high e,. dielectric 
rod. Properties of the new type of resonator are investigated. 
The resonant frequency, field distribution, unloaded Q, and 
the coupling coefficient of the resonator are obtained by a 
rigorous mode-matching method. An eight-pole self-equalized 
elliptic-function dielectric-combline-resonator filter was de- 
signed. Measured frequency responses verify the theory. The 
resonator shows the promising applications in the communi- 
cation systems. 
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